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Abstract 
Risk assessment has been defined and designed in a wide array of disciplines to avoid or diminish potential 
detrimental impacts in the face of certain hazards. However, embedding ecology conception to environmental risk 
evaluation is quite a recent interest; in fact, it did not draw much attention for modelers and decision makers until the 
late 1980s. What is proposed in this paper is an information-based network environ model for ERA that is capable of 
multiple risk factor evaluations at different scales from population to ecosystem. Risk analysis and terminology, and 
modern perspectives of ERA are reviewed and discussed prior to the introduction of the system-oriented model, while 
quantum mechanics is made use of as rational metaphors where needed. Based on these insights, the conceptual 
framework of a holistic eco-risk model is developed based on the combination of network environ theory and 
systemic information theory, while the usefulness of the novel framework in coping with uncertainty is also 
addressed. We conclude that the way to handle an eco-risk scenario of a disturbed ecosystem should be updated 
through multi-dimension network consideration when searching into the whole status and dynamics of the ecosystem. 
© 2011 Published by Elsevier Ltd. 
Keywords: Ecological risk assessment; Network environ theory; Ecosystem management; Uncertainty 
* Corresponding author. Tel.: +86 10 58807368; fax: +86 10 58807368. 
E-mail address: Chenb@bnu.edu.cn. 
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of 
Environment, Beijing Normal University. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1883S.Q. Chen et al. / Procedia Environmental Sciences 13 (2012) 1882 – 1892 S.Q.Chen et al./ Procedia Environmental Sciences 8 (2011) 1908–1918 1909 
1. Introduction 
Nature does not dictate the outcome of any process or experiment, even in the simplest of situations. 
Stephen Hawking, 2010 (in his latest book The Grand Design)
It might never be possible to date back to the era when humans started to ponder the threats or dangers 
in their living and tried a way to escape and survive from them. In ancient times (in some primary 
communities even today), people resorted to the glory of their gods in the hope of the elimination of 
dangerous factors (e.g., volcanic eruption, flooding, drought)  and routinely derived peaceful and safe 
conditions for their residential areas. Others, such as the groups of animal hunting, did it in a contracting 
way. What they learned from their experiences was that technique was the key to success. For example, 
the spear or the arrow should be shaped to an extremely sharp form, and one had better pick the right time 
to strike; also a good camouflage and running speed were part of the trick. Armed with these, one could 
expect a higher success rate and less likelihood of being traced back by a ruffled beast. This so-called 
“experience science” is a disparate attempt from the religious way towards a reduction of potential harm 
or loss, or more explicitly, the decrease of the likelihood of the occurrence of badness. After all, physical 
principles and rules were found after the accumulation of congregate experiences. Instead of the worships 
of the supernatural beings, people became to realize the controllability of certain adversities they had been 
supposed to bear. But still, when “hunting” for their needs, chances are dependent on their actual activities 
and objectives--There is a risk. 
The understanding of risk is not only an academic inquiry of scientists. It is, in our society, embedded 
in everyday lives, frequently affecting our decisions from the potential pros and cons. For example, if one 
destines to be exposed to a risk of losing his assets when he tries to succeed in his business, he will 
consult a finance manager to minimize the risk (in this case, the probability of loss). We can deduce at 
least three steps within this process. Coming first is the perception of the existence of a certain risk behind 
an alternative, and then it is the control of the developmental direction and the likelihood of the risk, and 
finally the different outcomes from the former manipulation. Often, one can educate himself from the 
rationale of the process (i.e., feedback from the outcome to steps 2 and 3) and try to avoid similar blunders 
in future decision-making (if he has done so this time). Figs 1(a) and 1(b) show two scenarios when single 
and multiple factors are considered in this risk-mediated process. 
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(a)                                                                                    (b) 
Fig. 1 The procedure of a risk-mediated decision for single (a) and multiple factors (b). 
Although its importance has been long realized, risk assessment (RA) did not evolve and mature as a 
systemic scientific field until the late 1960s, when a severe accident happened during the fire of Apollo 
text AS204. Subsequent investigation was undertaken to find out the problem, and after that, the criteria 
of the probability of mission completion and the probability of death or injury was developed [1]. The 
following Reactor Safety Study in the mid-1970s and other risk-related studies in the late 1970s and early 
1980s [2-4] laid a foundation of what we today call probabilistic risk assessment. From then on, an ever 
increasing consideration of variability and uncertainty in risk evaluations has been taken to enhance our 
confidence in managing potential exposure to adverse impacts. By directly pointing to decision support 
system (DSS), risk analysis composes the three elements of RA, risk management, and risk 
communication, which not only incorporates the risk estimation results but also provides a set of 
guidelines for result interpretation and implementation. There is a wide spectrum of applications of the 
risk conception, including business risk, social risk, economic risk, safety risk, investment risk, military 
risk, political risk, etc. [5]. In the face of modern challenges from aberrant environmental changes (e.g. 
global climate change, loss of habitat and biodiversity, and the effects of multiple anthropogenic 
chemicals on ecological systems), a novel ecosystem-based risk metric termed ecological risk assessment 
(ERA) has grown and evolved since the 1980s by introducing the knowledge and terminology of ecology 
into RA [6]. Nowadays, ERAs are widely used by policymakers and regulatory agencies to protect our 
life-supporting ecosystems and natural resources from detrimental chemicals and other hazards. The 
objective of ERA is [7-8]: 
 to provide a quantitative, semi-quantitative or qualitative basis for balancing and comparing risks 
associated with environmental problems, and 
 to develop systematic means of improving the estimation and management of those risks from 
chemical, physical and biological data. 
Though the various practices of ERA in multiple scales (e.g., species, community, and ecosystem), the 
accuracy of risk-oriented prediction approaches the ideal extent deemed to be enough to balance the 
socioeconomic development and ecological protection. The uncertainty in the explicit understanding and 
determination of risks, notwithstanding, still exists. In the modelling of ecological risk, scientific 
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uncertainty is usually classified into two facets in terms of different sources, i.e., epistemic uncertainty 
and aleatory uncertainty [9]. Epistemic uncertainty is an existence that can be possibly avoided once risk 
assessors conduct enough observations and experiments and the approach and model are most refined. But 
the aleatory uncertainty, or the built-in uncertainty, is nothing like that. In the physical world, our 
knowledge is always limited by a universal aleatory indeterminacy as defined by “the Heisenberg 
principle,” i.e., we cannot know exactly both the position and the velocity of an atom at the same time in 
that the product of position and momentum will always be larger than Planck’s constant (Fig. 2). The 
corollary is this: Living things are made of particles, therefore the behaviours of them will also be 
impossible to explicitly apprehend (even literally macroscopic objects are way too large for the 
Heisenberg effect to be detected). In a similar way some ecologists argued it should be adapted for an 
ecological system (whether a human-dominated or a natural ecosystem)—they are even more complex 
than the human body. They claimed it as “ontic openness” [10]. Different from the formulation in 
quantum mechanics, this conclusion was drawn considering the numerous (almost infinite) compartmental 
relationships, interactive processes, and intricate structure and functioning at various scales beyond 
anyone’s understanding. Back to ERA, this intrinsic property will conceivably be in the way of explicit 
risk calculations. For example, if we push ourselves to acquire the future distribution of a certain value of 
a chemical, then we will not be so sure about the probabilities of this distribution on specific sites. The 
question being most asked is if it irreversibly undermines our strengths of assessing and regulating 
perturbed ecosystems. 
Fig. 2 The uncertainty in quantum mechanics and ecology 
While consensus has not yet been reached as to the discussion of ontic openness and its inference, a 
network metrics, network environ analysis (NEA) has been proposed to address the effect of “systemness” 
on the behaviors and functioning of an ecosystem beyond its reticulated process [11-12]. The core of the 
network thinking is that the indirect effect trough material/energy/information pathways contribute a 
considerable part of the regime of the whole interfered ecosystem and thus should be taken into account 
when the openness and complexity of the ecosystem are beyond ignorance. We argue that the adoption of 
a network perspective is not only an interaction-based examination of our limits to apprehend the 
mechanical and biological workings of an ecosystem, but also a possible enhancement of process 
modeling for ecosystem management, especially ecosystems subjected to anthropogenic disturbances. 
Recent progress in the method application prove a possibility of releasing NEA from foodweb-centered 
analysis to a wider and more compatible metric [13]. At the same time, information theory, which exactly 
contains such implications, can and should contribute to this possibility. In consideration of all the above, 
ERA has to address the challenge towards a more explicit and comprehensive elucidation and 
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interpretation at different scales from species to ecosystem and respond to the new insight offered by the 
updated network environ theory. This is the major concept this paper tries to convey. The next section is 
focused on summarizing the common terminology of risk determination, and Section 3 provides a brief 
review of the modern perspective on ERA, and based on these insights, in Section 4 network environ 
theory is discussed for its potential application to ERA, and finally, Section 5 summarizes our conclusions. 
2. Risk Analysis and its Terminology 
A large amount of research has been focused on the ecological risk of a specific environment or 
biocomplex entity. Before we move to the RA for managing diverse impact from perturbance, there is a 
necessity for us to clarify the scientific concepts associated with risk. The application of risk thinking to 
different research realms such as mechanism, economy, physics, biology and finally ecology has been 
previously mentioned. So what are the similarities among all these applications and what can be learned 
from it—what are the rules? 
Risk is a combination of the likelihood of an occurrence of a hazardous event or exposure(s) and the 
severity of injury or ill health that can be caused by the event or exposure(s). From this we can conclude 
that “likelihood” and “severity” are two central elements constituting the characteristic of risk. To make 
this more accurate, risk can be formulated as follows [14]: 
DPR                                                                                                                                  (1)
Where R represents the risk of disaster or accident; P represents the probability of disaster or accident 
occurrence; D represents the possible damage caused by disaster or accident. 
It has been established that a risk cannot be deemed as a risk if either there is no actual damage or the 
probability of that damage is zero. It also unveils another fact that a risk is distributed most of the time 
rather than a single anticipation. That is, several anticipated outcomes have different proportional 
probabilities of what will finally happen. Following this rationale, basically, the reduction of risk is the 
control of the probabilities of those bad occurrences (for humans or the ecosystem). 
The relationship between risk and uncertainty (epistemic and aleatory uncertainty as a whole) is 
another central concern of risk-involved sciences. The notion of risk, therefore, involves both uncertainty 
and some kind of loss or damage that might be received. Symbolically, it was formulated by [5]: 
UDR                                                                                                                                               (2)
Where U represents a certain uncertainty due to the fluctuation of the damage event. 
The resulting fluctuation before the damage event can be caused by the knowledge and model 
imperfection or ontic openness embedded in the system as previously addressed. There is an argument as 
to what extent of quantitative accuracy and to what sampling/analytical scale is valuable, or suitable, for 
environmental decision-making generally. It is determined directly by the nature and extent of uncertainty 
and the acceptable criteria of certain situations. Uncertainty, in essence, is also the major consideration 
when doing a RA, making it a contrasting analytic system from an impact assessment. Another basic 
clarification is that there is a distinction between the ideas of risk and hazard. A hazard is not really a 
damage event but rather a source of the concerned damage. Seawater is not a danger normally, but if one 
drinks too much of it, the resultant dehydration will become a health danger, and in this circumstance, the 
seawater was backtracked as a hazard. Armed with a proper safeguard, the hazard can be reduced to a 
smaller value (but never zero), which can be described as [5]: 
SHR /                                                                                                                                               (3)
Where H denotes a hazard, and S a safeguard activity. 
Summarizing the above discussion, Fig. 3 presents the relationships among hazard, uncertainty, 
variability, and risk consequence. Quantum mechanics can be adapted again for the elucidation. The 
spectrum of the possible consequences constitutes the variability of how things will develop. This 
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variability cannot be avoided once the position of an analytical entity is determinate at the initiated 
moment. And following each possibility of the consequences, the effecting pathways or routes will also be 
fluctuated and therefore the process scenario will become uncertain. The overall uncertainty of the RA, 
theoretically, is equal to the sum of all the effecting pathways of all possibilities that contribute to the 
result variability. The terminology and its implication of risk analysis consist of a basis of the ideas in 
ERA.
 
Fig. 3 Risk terminology 
3. ERA: Modern Views 
Ecological risk refers to the probability of an ecosystem suffering damage from exposure to some eco-
environmental situation, which can be the pollution of certain chemicals, the degradation of the plant 
community, radiation and other potential damages motivated by human activities or nature per se. 
Ecological risks have two important characteristics: damage and uncertainty. First, they have the potential 
to cause long-term and even irreversible damage to the environment, which can affect not only the people 
involved but also other living species in the macroscopic environment. Second, they act stochastically and 
cumulatively or synergistically and often are difficult to forecast without appropriate analytical methods, 
expertise, and supportive Environmental Impact Assessment guidelines and terms-of-reference [15]. 
As discussed before, the goal of ERA is to quantify the distribution of possible ecological effects 
arising from an ecosystem exposed to one or more stressors (risk factors). At large, the process of ERA is 
characterized by the ‘sets of triplets’, i.e. the impact scenario, the likelihood, and the possible emerging 
consequences.. Actually, it is well known that a formal expression of ERA can be given by three 
queries—what can happen; how likely things are to happen; and what are the end point’s measures from 
sets of occurrences. This has become a standard approach for predicting the risk [5, 16]. Of all eco-risk 
determinations, the USEPA’s framework and guideline [17] for ERA in the regulatory context prevail 
upon the construction of risk identification and evaluation procedure (Fig. 4). Generally, ERA 
concentrates itself on the ecological aspects of the outcome of outer disturbances, but the steps of all risk-
concerned cost-benefit considerations are very similar. Practical ERA procedures guiding today’s risk 
management-based environmental decision consists of the following four steps: planning and scoping, 
risk analysis, risk characterization, and synthesis and prediction. It is a tiered process: planning and 
scoping are realized through the perception and qualitative identification of the risk sources and endpoints, 
and based on which, the risk will be modeled and evaluated for its consequences quantitatively; and then 
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the potential impact to specific population groups will be characterized and summarized for the prediction 
of the biological and ecological fate following a risk. Clear as it seems, the actual process of ERA might 
be much more iterative and complex due to the multiple factors risk assessors have to cope with (e.g., 
multi- sources, stressors, pathways/routes, population groups and effects). 
Human health Ecology
Social&cultural 
resources Economics
DSS
ERA procedure:
Planning and scoping
Risk analysis
Risk characterization
Synthesis and prediction
Multiple factors:
Sources
Stressors
Pathways/routes
Population groups
Effects
Fig. 4 The scope and procedure of ERA (revised after [17]). DSS: decision support system 
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There was a time when the Western industrialized countries adopted the concept of “zero-risk 
environmental management.” Over time, this concept proved to be too rigorous to realize, and it became 
clear that certain degrees of risk have to be accepted in environmental management. This necessitated the 
development of environmental policies about risk management. ERA, alternatively, came into use 
hereafter. To tackle with multi-process scenarios in a disturbed ecosystem, a rational, quantitative, and 
preferably succinct methodology (model) is essential for accomplishing ERA. A few studies succeed in 
establishing a proper model for ERA, most of which have been mainly focused on the biology of species 
and population on the microcosm or regional scale, including the comprehensive aquatic systems model 
(CASM) for assessing ecological risks posed by toxic chemicals in generic aquatic ecosystems [18] and 
the small-scale model for evaluating the ecological risk of regional streams wildlife [19], a five-step 
process of regional ERA for indentifying risks of the wetland system [15] and so forth. Traditionally, 
these models used in ERA have tended to be restricted to single hazard assessments with a weak 
calculation of its uncertainty [20]. In the quest for a solution to this conundrum, a network model has been 
introduced into ERA, in the form of cross-validated holographic neural networks and Bayesian networks 
(Bns) [21]. However, a complete and comprehensive, yet succinct, network model capable of identifying 
the multi-sources/factors/destinations of risk and quantifying their relationships within the ecosystem has 
not yet been reported, and the ecological risk performs in a cumulative, interactive and reticulated way on 
the whole ecosystem scale (whose fashion nature generally fancy) remains unsolved. The development of 
such a model may address the challenge of optimizing the options for a more rational and controllable 
management of an eco-environment affected by human intervention. Also, the network point of view 
could provide an elicitation of the understanding of uncertainty (both epistemic and aleatory uncertainty) 
on the system’s base. From these inspections, we shall admit there is a need to update current the ERA 
system. 
4. Multi-dimension Network Model for ERA 
Traditional models used in ERAs, as reviewed, have tended to be restricted to single hazard 
assessments, with relatively poor capacity for fitting into an iterative and adaptive management approach. 
The design of a comprehensive and system-based model for ERA has the potential for future study of 
ecosystems exposed to sudden or sustained hazard, while the accomplishment of which entails the 
identification of multiple sources/factors/destinations and associated material/energy propagation 
processes. 
NEA is recently recognized as a methodology platform for modeling the integrated eco-environmental 
impact of natural systems under human interference based on an energy/material flows investigation [22], 
which also has great potential in comprehending the organization and functioning of dynamic ecological 
systems via virtual fluxes. The usefulness of network models lies not only in unveiling the indirect effects 
that dominate ecosystems but also in the analytical compatibility that allows the treatment of multiple 
stressors simultaneously. Realistic systems can be parsed into a network of interacting components, one 
which pictures the structure and the function inherent in the system with these behaviors. NEA serves as a 
powerful analytical method for quantifying the interactions, thus realizing the analysis of the ecosystem. 
In this way, NEA methodology can be adjusted and the relevant concepts can be reinterpreted to match 
the ERA of specific species and their interfered habitat, which in turn will re-demonstrate the validity of 
the ecological network model in its informative form. It may prove the usefulness of network analysis, not 
only as it applies to energy flow or material flow, but also for the information-based type. 
Here we provide an approach for incorporating information-based network analysis into the holistic 
ERA which is possible of the risk determination in a multi-dimension context (Fig. 5). Multiple stressors 
(physical, chemical or epidemiological) are compatible for the RA of the perturbed environment at 
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various scales from population to ecosystem. Suppose numbers of stressors (denote Sr1, Sr2, Sri, …, Srm) 
exert influence to the biotic system (the aggregation of all living organisms) after a specific event we call 
the risk trigger. All the related compartments of the ecosystem are identified and all the energy or material 
flows are accounted into an ecological network base on the food web investigation. In light of the 
quantified compartmental relationships, the interactive control information, called network control 
distribution, is derived, and through which the initial ecological risks are distributed among different 
components within the ecosystem after the quantification of different stressors. Together with the 
consideration of species sensitivity to different stressors, the ERA process from risk perception to risk 
evaluation is achieved. Hereto, the holistic picture of the perturbed ecosystem depicting the risk scenario 
of the micro-dynamic at population scale and macro-dynamic at ecosystem scale are derived. The holistic 
eco-risk of the disturbed ecosystems is applied for ecosystem management finally with the introduction of 
threshold theory. The information indices of NEA such as ascendancy, redundancy, etc. have potential for 
the current model. The most central of all, the conceptual conversion from the conventional NEA is 
accomplished here to match the ERA system. This conversion includes the introduction of an information 
currency—risk-based flow, and the adaptive interpretation of the NEA synthesis. 
Sr1
Sr2
Sr3
Sri Srm
…
Sri
Sri
Sri
Sri
Fig. 5 The conceptual framework of modeling the holistic ERA [13]. 
A risk scenario, fundamentally, can be defined as the propagating feature of a specific initiating event 
which can go to a wide range of undesirable consequences. Taking multiple risk factors into consideration 
(i.e. multiple sources/factors/destinations), the fact that an explicit determination of the future impact of 
undesirable hazards under uncertainty has never been achieved continues to embarrass ERA analyzers. As 
a consequence, the realized impact, in any specific instance, may be quite different from the expected 
impact. Fortunately, the system-based simulation technique is a promising approach for solving this 
problem by its predictability and controllability. Also, it serves as an examination of the confirmation and 
control of aleatory uncertainty in assessing ecosystems. In this sense, NEA may be prospective to unfold 
the interactive and reticulated risk of an ecosystem subjected to human intervention, which needs more 
inroads. 
There is one thing worthy of an additional inspection, that is, the understanding of “environ.” The 
“environ” within network environ analysis” can be divided into an infinite small scale theoretically to 
define an interactive unit inside a system. The division at each scale might reveal a different facet of the 
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system’s operation. That means, besides the constraints of data acquisition, our network-based modeling 
of a disturbed ecosystem should consider the actual level of need for risk assessment and management. 
5. Concluding Remarks 
The major concern of this paper is the application of network environ model to current ERA systems. 
Risk rationale and its expressive terminology, and modern perspectives of ERA are sequentially reviewed 
before the introduction of the multi-dimensional model. For this, quantum mechanics and information 
theory are adapted for a transparent convection of idea. 
Overall, ERA, probing into the rational evaluation of hazards and the prediction of damages to the 
entities inside ecosystems, is a relatively new field of study for environmental management under 
uncertainty. And the system-oriented metrics, NEA per se is quite straightforward for searching into the 
whole status and dynamic within ecosystems. When transferring the NEA concept and methods to ERA, 
it is important to comprehend the multiple factors situation and its resultant uncertainty as we have 
discussed. Currently, the limitation lies in obtaining the entire data essential to quantify all the ecological 
compartments and their interactions. Preliminary work of acquiring and disposing the data is needed. In 
addition, the unveiling of the causal relationships of multiple processes within a risk network is also a 
crux to be addressed due to its instinctive influence on the risk determination and interpretation. 
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